The focus on core-stability training should not be on strength but on stability, balance, and proprioceptive capabilities.
there is no single best exercise that optimally works all of the various abdominal and back muscles. As a result, exercise variation in terms of position (legs, arms, neck, pelvis, etc.) , speed, duration, and repetition must be incorporated to effectively train and strengthen the muscles of the core.
2,3 The primary objective in exercise selection "is to challenge the targeted muscle(s) while imposing a minimal load penalty to the lumbar spine given the link between injury, spine posture, and compressive loading." 3(p301) The traditional sit-up alone does not contribute to the development of lower back stability by this definition. 4 Furthermore, a major aim of training and rehabilitation should be to develop muscular stabilization of the trunk rather than simply trunk-flexion or trunkextension strength.
5 Notwithstanding, this requires targeting the appropriate muscles while minimizing activation from muscles that do not contribute to core stability. 6 The purpose of this article is to review the literature in an effort to determine the consensus position on the role of the abdominal and back muscles in different types of strengthening activities. We review the numerous investigations that have attempted to maximize core-muscle activation while minimizing the potential risk for injury.
Interpretation of Related Research
There are differing results reported in the literature from investigations on abdominal and back exercises. This might be, in MARISA COLSTON, PhD, ATC; TINA TAYLOR, ATC; and ASHLEY MINNICK, ATC • University of Tennessee at Chattanooga Physi cally active individuals often train their abdominal muscles inadequately or perform specific exercises incorrectly, which can be harmful to the spine. The quest to discover optimal core-strengthening exercises has been a primary objective of researchers, clinicians, and fitness and conditioning professionals over the past 50-60 years. During this time, numerous studies have attempted to provide objective data on abdominal exercises through the use of electromyography (EMG), videography, goniometers, mathematical modeling, and various other instruments and procedures. Also evolving from this quest have been many exercises, fitness fads, and proposed "quick fixes" promising a "six pack" physique with minimal work in the shortest possible time. Unfortunately, many of these fads and gadgets have not been tested in a controlled, scientific environment, and it is not until injuries occur that they are given such attention. Many researchers have attempted to sort out the "good from the bad" when it comes to core stabilization, specifically as it relates to abdominal-muscle training. A consistent finding from these studies has been that part, because of disagreements with respect to the nomenclature used for the exercises investigated. For example, exercises have been called sit-ups and curl-ups interchangeably, which creates confusion and difficulty in interpreting and extrapolating results.
Lack of standardization among testing protocols is another factor making interpretation difficult. Changes in velocity in dynamically performed exercises usually alter muscle activity levels. In only a small number of studies, however, has the speed of movement of the dynamic exercises been standardized. Comparisons of static and dynamic exercises are difficult to make because of the varying nature of muscle action and function in these different types of contractions.
7,8 Even comparisons among studies using the same types of contraction, whether static or dynamic, are difficult unless exact positions of arms, head, legs, and pelvis, as well as speed, duration, repetitions, and rest periods, are held constant.
9
EMG was frequently used in the early assessment of trunk-muscle activity and function and continues to be so used today. Normalization methods and the examination of the core muscles as movers and dynamic stabilizers have been greatly assisted by EMG techniques.
3 There seems to be a lack of universally accepted procedures, however, for obtaining maximum voluntary contraction for normalization purposes. 2, 8, 9 In addition to normalization concerns, EMG presents other confounding factors. There is a great deal of variability in EMG methodology and interpretation, 3 as well as remarkable intersubject variability.
7 There is also disagreement over the most valid and reliable form of EMG when comparing surface with intramuscular activity.
10 Indwelling electrodes facilitate the selective pick-up of activity from each muscle.
11 Nonetheless, they only record from a small area of the muscle and therefore might be less representative of whole-muscle activity. Indwelling electrodes also have the potential to migrate, especially during dynamic movements. A potential problem with using surface EMG with the anterolateral abdominal wall is that it might monitor activity from underlying muscles, 11 although Juker and colleagues 3 view this as an advantage in that surface electrodes can adequately represent the amplitude of deep muscle activity. Furthermore, surface EMG is less invasive than indwelling electrodes and is therefore often the preferred technique.
Historical Perspectives: The Past and Present
Stabilization exercise is a generic term that can be applied to any exercise that challenges spinal stability while training patterns of muscle activity and spine posture to ensure "sufficient stability." 12 The basic concepts have been recognized throughout history in many cultures and can be traced back to the origins of various forms of yoga and martial arts. In the Western world, stabilization training was developed in the 1980s as a rehabilitation approach for low back pain (LBP), 13 although stabilization-related research can be traced back to the 1950s, when Floyd and Silver 14 conducted one of the earliest studies examining the role of the various abdominal muscles during singing, coughing, straining, and straight-leg raises. Other early studies focused on the activity of the abdominal muscles during respiration 15, 16 and various abdominal exercises and trunk movements. 17, 18 Research in the 1960s demonstrated slight technological advances in design and measurement. Cinematographic recordings were used with EMG to compare the functions of the external oblique and upper and lower rectus abdominis (RA) during sit-up exercises.
19
This was the first of many investigations that focused on the role of the RA with feet anchored versus unanchored during abdominal exercise.
19 A paradigm shift in the approach to muscle strengthening and back health emerged in the 1960s when Kennedy 20 wrote of the ability of the abdominal muscles to function as a "brace" in an effort to protect the spine. This bracing technique is a static action of the trunk muscles working harmoniously to stabilize the lumbar spine as one unit. This concept has been embraced by various researchers and clinicians 3, 21, 22 and continues to be an instrumental principle in current core-stabilization theory.
Many core-stabilization exercises employ either the abdominal-bracing position, in which the patient is instructed to contract the abdominals, or abdominal hollowing, in which the patient is asked to make the lower abdomen "cave in." Abdominal hollowing has been shown to isolate the transversus abdominis (TrA) and multifidus muscles, 21,23 but the optimal technique remains controversial. Abdominal-hollowing exercise is suggested to recruit less RA and external oblique activity than pelvic tilting, thereby minimizing activation of the large global abdominal muscles. 21, 24 Conversely,
